Understanding the historical foundations of ethics in human research are key to illuminating future human research and clinical trials. This paper gives an overview of the most remarkable unethical human research and how past misconducts helped develop ethical guidelines on human experimentation such as The Nuremberg Code 1947 following WWII. Unethical research in the field of neuroscience also proved to be incredibly distressing. Participants were often left with life-long cognitive disabilities. This emphasizes the importance of implicating strict rules and ethical guidelines in neuroscience research that protect participants and respects their dignity. The experiments conducted by German Nazi in the concentration camps during WWII are probably the most inhumane and brutal ever conducted. The Nuremberg Code of 1947, one of the few positive outcomes of the Nazi experiments, is often considered the first document to set out ethical regulations of human research. It consists of numerous necessary criteria, to highlight a few, the subject must give informed consent, there must be a concrete scientific basis for the experiment, and the experiment should yield positive results that cannot be obtained in any other way. In the end, we must remember, the interest of the patient must always prevail over the interest of science or society.
Introduction
Randomized controlled trials (RCTs) have become the gold evidential standard in medicine over the past few decades. The goal of clinical trials is to develop knowledge that can be generalized to large populations to improve overall human health. Evidence gained from an RCT is frequently needed for a new therapeutic agent or intervention to allow its implementation on clinical grounds. Clinical trials are large nowadays and are tightly regulated to comply with ethical boundaries and requirements while maintaining a significant clinical value, a balance that becomes increasingly difficult as research questions become more complex. The purpose of ethical guidelines is to protect research volunteers and to preserve the integrity of science [1] . Table 1 is listing important definitions related to our article.
The current ethical guidelines were primarily triggered in response to past abuses. The most notorious of which were those that happened during World War II (WWII). Various ethical guidelines were later developed in the twentieth century in response to various other abuses in the name of science. Some of the influential codes of ethics and regulations include Nuremberg Code (1947), Belmont Report (1979) , US Common Rule (1991), and Declaration of Helsinki (2000) [3] .
The concept of Bneuroethics^is a modern field founded recently and concerned with the overlap of bioethics and neuroscience. It was founded following centuries of discussion of the ethical issues associated with mind and behavior. Neuroethics deals with ethical, legal, and social implications of neuroscience and its research. Advances in neuroscience and understanding of self, mind, and behavior through clinical trials highlight the importance of neuroethics [4] . In this paper, we aim to write a historical review of the important events related to unethical human research with special focus on the field of neuroscience.
The Monster Study (1939)
The BMonster Study^is a historical disgrace to experimental ethics. It was done to test the semantogenic (diagnosogenic) theory proposed by Wendell Johnson in early 1940s. It suggested that calling attention to child's normal hesitation repetition could precipitate stuttering. This theory does not appear to be widely accepted now judging by the fact that many speech pathologists are recommending to parents that they make their children aware of their speech difficulties and hesitation rather than ignoring them. In this study, the graduate student Mary Tudor conducted an experiment on 22 orphan children under the supervision of Wendell Johnson in Davenport, Iowa, in the USA (Fig. 1) . After dividing the children into control and experimental groups, positive speech therapy was given to half of the children, praising the fluency of their speech, and negative speech therapy to the other half, belittling the children for every speech imperfection and telling them they were stutterers. Many of the normal speaking orphan children who received negative therapy in the Information provided for specific purposes by which the individual can reasonably expect that it will not be made public (like a medical record).
Eponym A term that is used for diseases discovered by scientists and called by their names.
Research ethics
A group of proper rules that researchers must abide with when conducting a research that includes protecting the participants, preserving their dignity, and managing the risk.
Value
The value of the research is used to estimate the usefulness of the research when the more effective intervention for specific condition is unknown.
Scientific validity
The applicability of significant results of scientific research to the general population.
Subject selection A stage in research design that deals with the selection of research participants.
Vulnerable populations
Persons who are absolutely or relatively incapable of protecting their interests due to insufficient power, intelligence, resources, strength, or other needed attributes.
Harm-benefit ratio
The ratio of potential harm to research participants to potential benefit. Informed consent A process for getting permission, usually written, before a patient can participate in a given study. Independent review A study review performed by competent, objective reviewers who are independent of the original authors of the study.
Respect for participants
The ethical principle of respecting participant's autonomy.
Risk
The probability of a harm resulting from an activity and its magnitude.
Benefit
Any sort of favorable outcome of the research to society or to the individual.
Negligible risk research
No foreseeable risk or foreseeable risk no more than inconvenience.
Low risk research
Only foreseeable risk is one of discomfort.
experiment suffered negative psychological effects and some retained speech problems during the course of their life. This experiment was called the BMonster Study^because some of
Stanford Prison Experiment (1970s)
This experiment was conducted by Philip Zimbardo at Stanford University in 1971 to investigate how readily one would conform to the role of a guard or prisoner in a roleplaying exercise. He was interested in finding out whether the attitude and brutality reported among guards in American prisons were dispositional (i.e., related to sadistic personalities of the guards) or situational (i.e., had to do with the prison environment). More than 70 applicants were interviewed to eliminate candidates with psychological problems, medical disabilities, or a history of crimes or drug abuse. Twentyfour male students were chosen and randomly assigned roles of prisoners and guards. They were paid $15 per day to take part in the experiment. They were then situated in a specially designed mock prison in the basement of the Stanford psychology building. Those subjects assigned to be guards enforced authoritarian measures and subjected the prisoners to psychological torture. Surprisingly, many of the prisoners accepted the abuses and expressed emotional disturbances, depression, and learned helplessness. Though the experiment exceeded the expectations of all of the researchers, it was abruptly ended after only 6 days due to the disastrous outcomes [6] .
The Tuskegee Syphilis Study In this 40-year-long study in Alabama in the USA, about 400 African Americans were denied treatment for syphilis under the argument of studying the natural course of the disease. The study was conducted by the United States Public Health Service, and the participants were given free medical care, meals, and free burial insurance. Participants did not give informed consent because they did not know of their diagnosis and were greatly mistreated. By the end of the study, victims included not only the original subjects with actual syphilis but their wives and children who had contracted the disease. Researchers failed to treat patients appropriately with penicillin which was found as an effective cure for the disease they were studying. Many had died because of complications. In 1966, Peter Buxtun, venereal disease investigator, sent a letter to the national director of the division of venereal diseases to express his concerns about the morality and ethics of this study. He did not succeed initially and eventually went to press in the early 1970s. As a result of public outcry, the study was reviewed and terminated. The Tuskegee Syphilis Study is often called Bmost infamous biomedical experiment in United States history^. This study led to the 1979 Belmont report and the establishment of the office for human research protection. In 1997, President Bill Clinton formally apologized and held a ceremony at the White House, which was attended by five of the eight study survivors. Retrospectively, the Tuskegee Syphilis Study revealed more about the pathology of racism and the nature of scientific inquiry than it did about the pathology of syphilis and the nature of the disease process [7, 8] (Fig. 3) .
Nazi experiments of WWII (1940s)
Nazi experiments were conducted in the 1940s on huge numbers of people of different ethnicities and age groups by the German Nazi in its concentration camps during WWII. Most of this research was directed at methods of killing since a major concern of the Nazis was the Bneed^to remove the Binferior races.^As a result, these experiments in most cases resulted in death, disfigurement, or permanent disability. Disturbing and most brutal experiments included attempts to genetically manipulate twins; bone, muscle, and nerve transplantation; exposure to diseases and chemical gasses; sterilization; pushing human pain thresholds to the extremes; hyper-and hypothermia, etc. These crimes were later tried as part of the Nuremberg Trial and ultimately led to the development of the Nuremberg Code of medical ethics [9, 10] . Among neuroscientists who participated in the Nazi experiments was Eduard Pernkopf (1888-1955), who was an appointed professor of anatomy at the University of Vienna in 1928 and joined the Nazi Party in 1933. He was then appointed dean of the medical school at the University of Vienna in 1938. He is known for his famous elegant anatomy atlas which depicted the human body in great details. It is said that he used the bodies of over a thousand people who were executed to serve as references for the atlas. Pernkopf was never charged with war crimes [11] . Julius Hallervorden (1882-1965), who was a professor and head of the neuropathology department of the Kaiser Wilhelm Institute for Brain Research in 1938, was a serious Nazi war criminal. He willingly admitted that more than 600 brains he investigated were from victims of euthanasia. It is alleged that he was present at the killing of more than 60 children and adolescents in a psychiatric institution. His now famous quote, BI accepted the brains, of course. Where they came from and how they came to me was really none of my business^says it all. After the war, much of his work was removed from literature due to concerns regarding their origin [11] . Also, Hugo Spatz (1888-1969), who was a prominent German psychiatrist, had joined hands with Julius Hallervorden in 1921. Together, they described a brain disease in which excessive iron deposits in the pallidum and the substantia nigra cause progressive rigidity. This is now known as Hallervorden-Spatz disease. They both embarked on a highly productive research period on children killed in the euthanasia program. He also collaborated with a Bkilling^institute to obtain brains from the mentally ill of all ages. At the end of the war, despite his overwhelming involvement in crimes against humanity, he was awarded with a laboratory in the physiology institute in Germany where he conducted further research [11] . In addition, Hans Joachim Scherer , who was another German physician specializing in neuropathology, noted for his original research on gliomas and the novelty of distinguishing clearly between primary and secondary glioblastomas. His notable work is tainted by the involvement in the inhumane Nazi euthanasia project. During the war, Scherer was directly involved in neuropathological brain analyses of over 300 Polish and German children euthanized in a nearby psychiatric clinic.
The Tearoom Sex Study (1960s)
Laud Humphreys, an American sociologist, was interested in men who commit random impersonal sexual acts with one another in public restrooms. He wondered why sex in public restrooms, also known as Btearoom sex,^was the cause of the majority of homosexual arrests in the USA. Humphreys stationed himself physically outside the restroom and made himself a Bwatch queen^who would keep watch and cough when a stranger or a cop shows up. He witnessed hundreds of sexual acts and, after 1 year, interviewed many of the participants because he had identified them through stalking and recording license numbers. He radically changed many views and stereotypes held by the public and law enforcement about those arrested. He found that 54% of his subjects were exemplary citizens married and living with their wives. In addition, he also found that up to 38% were clearly neither bisexual nor homosexual with a tense relationship and rare conjugal relations! Only 14% of subjects were homosexual. This research took place in the middle of 1960s before institutional review boards were established. A furor arose when some of the members of the department of sociology at Washington University knew about the study, which was a PhD dissertation. They objected that Humphreys's research had unethically invaded the privacy and threatened the social standing of the subjects. They petitioned the president of Washington University to rescind Humphreys's PhD degree [12] .
The Little Albert Experiment (1920)
At Johns Hopkins University, John B. Watson and his graduate student Rosalie Rayner conducted a controlled experiment of classical conditioning, much like the one by Ivan Pavlov (who used dogs), but this time on a baby boy. Little Albert, the nickname given to the 9-month-old infant who Watson chose for the study, was exposed to a variety of animals and objects for 2 months without any sort of conditioning. Then, Watson showed the same animals and objects but this time with electrical shocks and loud noisy bells. The aim of Watson and Rayner was to condition a phobia in an emotionally stable child. Eventually, Little Albert developed fear and became distressed when any of the conditioned stimuli was merely shown to him. Watson's experiments had many failings including single-subject experiment, no control subjects, and long-term psychological damage the infant was subjected to. Albert's mother did not know the test that was conducted on her child as she was a wet nurse at the Harriet Lane Home working in the same building as Watson. When she found out, she took her child and moved away, letting no one know where they were going. This would never be allowed under current laws and regulations [13] (Fig. 4) .
Milgram experiment on obedience to authority figures (1961)
This experiment was conducted by Stanley Milgram, who was an American social psychologist at Yale University. He wanted to test obedience to authority by measuring the willingness of study participants (men from a diverse range of occupation with varying level of education) to obey an authority figure who instructed them to perform acts conflicting with their personal conscience. The experiment was conducted in July 1961 in the basement of Linsly-Chittenden Hall at Yale University. Milgram designed a study to include Bteachers^who were the actual participants and Blearners^who were actors. Both the teacher and the learner were told that the study is about memory and learning. Both were separated into separate rooms and could only hear each other. The teacher reads a pair of words followed by four possible answers to the question. If the learner was incorrect with his answer, the teacher was to administer a shock with a voltage that increases with every wrong answer. If the answer is correct, there would be no shock, and the teacher would advance to the next question. In reality, no one was being shocked. A tape recorder with pre-recorded screams was hooked up to play each time the teacher administered a shock. When the shocks got to a higher voltage, the actor/learner would bang on the wall and ask the teacher to stop. Eventually, all screams and banging would stop, and silence would ensue. This was the point when many of the teachers exhibited extreme distress and would ask to stop the experiment. Some questioned the experiment, but many were encouraged to go on and told they would not be responsible for any results. The experiment raised questions about the research ethics of scientific experimentation because of the extreme emotional stress and inflicted insight suffered by the participants [14] .
CSI's Mind Control Program (Project MKUltra)
This study, organized through the scientific intelligence division of the central intelligence agency, began in the early 1950s and officially halted in 1973. This project used numerous methodologies to manipulate US and Canadian citizens' mental states and alter brain functions by the surreptitious use of drugs (especially LSD), chemicals, hypnosis, sensory deprivation, isolation, and verbal and sexual abuse. The research was undertaken at 80 institutions including colleges, universities, hospitals, prisons, and pharmaceutical companies. The project attempted to develop mind-controlling drugs for use against prisoners, spies, and foreign leaders. The experiment included administering LSD and other drugs to military personnel, government agents, CIA employees, prostitutes, mentally ill patients, and members of the general public. The experiment was exported to Canada and was conducted by Donald Cameron, who was a psychiatrist and the first chairman of the world psychiatric association as well as the president of the American and Canadian psychiatric association. In addition to using LSD, Cameron also experimented with various paralytic drugs and electroconvulsive therapy at 30-40 times the normal power. He used to put subjects into druginduced coma for weeks at a time (up to 3 months in one case). His experiments were typically carried out in patients who entered the Allan Memorial Institute of McGill University for minor psychiatric illnesses such as anxiety and postpartum depression. Treatment resulted in permanent damage including amnesia, memory dysfunction, thinking problems, and incontinence. In 1973, the CIA director ordered all MKUltra files destroyed. However, a catch of some 20,000 documents survived as they had been incorrectly stored in a financial record building and were discovered in 1977. In 1976, President Gerald Ford issued the first executive order on intelligence activities, which prohibited experimentation of drugs in human subjects without informed consent, which should be in writing and witnessed by a disinterested party. Subsequent orders by President Carter and Reagan expanded the directives to apply to any human experimentation [15] . Angeles. The aim of the experiment was to study the mental processes of schizophrenia with a specific interest in relapses and predictors of psychosis. All patients signed informed consents stating that they understood the purpose of the experiment, and they were informed that their condition might improve, worsen, or remain unchanged. To achieve the objective of the study, researchers had 50 schizophrenics taken off their medications after clinical stabilization had been achieved, and they were monitored closely. They were not told how severe their relapses might be and not protected in the event of schizophrenic symptoms returning. In addition, it was not clearly determined at which point the patient should be treated again. In 1991, a tragic consequence of this experiment occurred when former program participant Antonio Lamadrid committed suicide by jumping from a 9-floor building.
University of California in Los Angeles
He has been open about his suicidal ideation and supposedly under the study watch. In addition, another patient Gregory Aller dropped out of college and threatened to kill his parents. In response to complaints in 1991 by families that filed law suits, the office for protection from research risks found that the clinical treatment of patient adhered to Bcurrently accepted clinical standards.^In May 1994, the federal office for protection from research risks (part of the national institute of health) found that the study lacked the proper procedure for getting informed consents from the patients [16] .
Conclusion
Understanding the historical foundations of ethics in human research are key to illuminating future human research and clinical trials. This paper gives an overview of the most remarkable unethical human research and how past misconducts helped develop ethical guidelines on human experimentation such as The Nuremberg Code 1947 following WWII. Unethical research in the field of neuroscience also proved to be incredibly distressing. Participants were often left with life-long cognitive disabilities. This emphasizes the importance of implicating strict rules and ethical guidelines in neuroscience research that protect participants and respects their dignity. The experiments conducted by German Nazi in the concentration camps during WWII are probably the most inhumane and brutal ever conducted. The Nuremberg Code of 1947, one of the few positive outcomes of the Nazi experiments, is often considered the first document to set out ethical regulations of human research. It consists of numerous necessary criteria, to highlight a few, the subject must give informed consent, there must be a concrete scientific basis for the experiment, and the experiment should yield positive results that cannot be obtained in any other way. In the end, we must remember, the interest of the patient must always prevail over the interest of science or society.
